Objective: To analyze morphological characteristics and organization of the collagen fibers of third degree burns from scalding compared to laser therapy and silver sulfadiazine, the latter considered as the gold standard. Method: Were selected 12 animals (Rattus norvegicus) also divided into three groups (control group [CG] -untreated burns; sulfadiazine group [SG] -burns were treated with silver sulfadiazine at 1%; laser group [LG] -burns were treated with photobiomodulation). The scald burns were carried out by using PVC mold, and the material collected on the 14 th day after burn was prepared for morphological and optical retardation analysis for evaluation of inflammatory infiltrates and collagen organization, respectively. Results: On the 14 th day, the laser and sulfadiazine groups had mild inflammatory response, while the control group showed an intense inflammatory process, with statistical significance between laser and control groups, but not between sulfadiazine and control groups. Laser and sulfadiazine groups no longer had granulation tissue, opposite to what was seen in the control group. The presence of hair follicles and ulcer did not significantly differ between groups. The optical retardation of collagen fibers was higher in sulfadiazine group, followed by laser and control groups. As for systemic effect, we were able to identify it by simply analyzing the presence or absence of granulation tissue. Conclusion: Morphologically, the laser or silver sulfadiazine treatments were similar and both provided better organization of collagen fibers in relation to the untreated group. However, the sulfadiazine group modulated the deposition of collagen fibers more efficiently than the laser group.
introduction
Burns are a major social and public health problem, given that any person may be subjected to such injury, regardless of age, sex, color or social class. 1 Burn accidents affect 11 million people worldwide, and these figures refer only to those who have suffered burns severe enough to seek medical attention. 2 In this type of accident, there is the question of physical and psychological sequelae that may persist in the victim, such as the change of their own image, in addition to social and economic issues, given that it involves the injured patient's reintegration into society, and the high cost of keeping them in hospitals. 3, 4 Burns may be caused by thermal, chemical, electrical or radioactive agents that act on the tissue covering the body, causing lesions that partially or fully affect the skin, and which can reach more internal tissues, such as subcutaneous tissue, muscles, tendons, and bones. 5 Thermal burns are the most common, with flames and overheated substances as the main agents. 6 This type of lesion may present in different levels of severity and with a range of complications, making treatment difficult. They can be classified into first degree, second degree and third degree according to their depth of involvement. 7 The healing of burned skin occurs in the same way as any other injury, following the same steps of repair -inflammation, proliferation, and remodeling -and an immature scar may exhibit signs and symptoms that include erythema, progressive elevation in the form of a tumor, edema, pruritus, pain, and blistering. As it matures, the lesion becomes asymptomatic, more malleable, presenting a color close to that of the patient's skin, with better tensile strength. 8 A recent study involved a review of the literature on treatments offered for dealing with burns in the acute phase, and the topical agents used for the most commonly found dressings were associations of neomycin sulfate and bacitracin, clostebol acetate and neomycin sulfate, and silver sulfadiazine, which is still widely used in Brazil. 9 Third-degree burns have been a major focus of research and investigation, searching for new treatment methods in order to improve the care of burn patients and also provide greater speed for a satisfactory result without major functional and aesthetic sequelae. 10 Experimental research conducted on animals have shown that photobiomodulation modulates cellular activity, angiogenesis, synthesis, and collagen deposition, leading to faster closure of the burn and esthetically improved scarring compared to those not treated with photons. [11] [12] [13] The study of the influence of photobiomodulation on the cicatricial process in a scald model using animals will contribute to the search for a treatment that minimizes the physical and psychological sequelae that arise in burn victims. Furthermore, the spending on such victims is expected to decrease, lowering the length of hospitalization and, consequently, reintegrating them more quickly into society. This is a translational study aimed at comparing burn treatments in an animal model, using the conventional method with 1% silver sulfadiazine and the alternative method with photobiomodulation. The objective was to analyze the morphological characteristics and organization of the collagen fibers of third degree burns caused by scalding, in relation to laser therapy and to that considered as the gold standard treatment, with the main motivation being the search for a more effective, quicker, and less painful treatment for burn victims.
Method
Twelve female Rattus novergicus Wistar rats with a body mass between 250 and 300 g kept in a vivarium at Universidade Nove de Julho (Uninove, São Paulo) were selected. The animals were kept in plastic cages, under ideal hygiene, lighting, and temperature conditions, with standard feed from the vivarium and water ad libitum. The animals were divided randomly and homogeneously into three groups: CG -control group: the burn was not treated; SG -sulfadiazine group: the burn was subjected to treatment with 1% silver sulfadiazine; and LG -laser group: the burn was submitted to photobiomodulation.
The burn procedure was performed under general anesthesia with intraperitoneal injection of a solution of ketamine (Dopalen Vetbrands, Jacareí, SP) at a dose of 80 mg/kg and xylazine (Anasedan Vetbrands, Jacareí, SP) at a dose of 10 mg/kg. After the anesthesia was applied, the animals' backs were trichotomized for realization of the thermal injury via scalding, where four circular regions of the back, with a radius of 0.5 cm and an area of 0.8 cm 2 , remained in contact with hot water at 60°C for 45 seconds. These areas were delimited by inserting the animal into a mold made of PVC pipe with the same four areas of 0.8 cm 2 each, according to the methodology adapted from Cribbs et al.
14 ( Figure 1 A and B). Thus, each animal had four burns on the back, three of which were treated in the same way according to the experimental group. One of the burns, randomly chosen and standardized between the groups, was kept as the control of that specific animal for verification of the systemic effect of the treatments applied.
After creating the injuries, 1% silver sulfadiazine (ointment) was applied to SG in a uniform manner and covering the full extent of the lesion. For treatment in the LG, a red diode laser, λ = 660 ± 2 nm, with an output power equal to 5 mW and a beam area of 0.04 cm² (Twin Laser, MMOptics, São Carlos, Brazil), was coupled to an optical system in order to obtain an expanded beam 0.8 cm 2 . The wound was therefore radiated in a uniform manner (Figure 1 C) . The irradiations occurred on days 0, 5 and 12 post-injury, with radiant exposure of 1 J/cm² and irradiance of 6.25 mW/cm², with 160 seconds of exposure per lesion.
For the morphological analysis, the collected material was stained with hematoxylin and eosin, and the following characteristics were evaluated under transmitted light microscopy with 400x magnification (Carl Zeiss Pol-Interferencial Photomicroscope, Germany): a) inflammatory response, characterized by the presence of polymorphonuclear leukocytes, where a categorization was assigned to each of the following conditions: absent = 0, mild presence = 1, moderate presence = 2 or intense presence = 3; b) granulation tissue, characterized by the presence of fibroblasts and neovascularization, and categorized as 0 for absent and 1 for present; c) presence or absence of hair follicles; d) presence or absence of ulcers.
For analysis of the collagen organization, quantification of birefringence was performed, in nanometers, un-der a polarized and transmitted light microscope, with magnification of 400x, using an interference filter to obtain monochromatic light with l = 546 nm and compensator that introduces an optical retardation of l/4 (Carl Zeiss, Pol-Interferencial Photomicroscope, Germany).
The statistical evaluation of the morphology was performed to compare the groups on the 14 th day post-burn, using the Chi-square test corrected by Fisher's exact test, with a significance level of 95%. This test is suitable for comparing the frequency of occurrence of an event which, in our case, the frequency of morphological categorizations.
For evaluation of birefringence, the Kruskal-Wallis H test for nonparametric data was used for the analysis between the groups, followed by the Mann-Whitney U test with a significance level of 95%. All of the analyses were performed using the software Minitab 16 ® (Minitab Inc., USA). All of the analyses were with the data from the 14 th day post-burn.
results Table 1 shows the morphological result on day 14 post--induction of the burns. According to Table 1 , CG presented more polymorphonuclear leukocytes, and was categorized as having intense inflammatory activity, unlike LG, which had mild inflammation (p=0.002). However, there was no difference between CG and SG, since SG was characterized by intense (33% of the samples analyzed) and mild inflammation (67% of samples analyzed) (p=0.059), or between LG and SG (p=0.450). The control lesions of each animal did not respond differently compared to those of the full control group, showing an absence of a systemic effect when leukocytes were evaluated (p=0.468).
CG presented granulation tissue, unlike LG and SG (p=0.002). There was a statistically significant difference in relation to granulation tissue on the control injuries of each animal (absent) in relation to those of the full control group (present), indicating a systemic effect (p=0.009).
There were no differences regarding the presence of hair follicles between any of the groups (p=0.061). The three groups did not present ulcers on this day (p=0.182). There was no evidence of a systemic effect in these aspects (p=0.055). Figure 2 presents the median values of the categorizations for each variable analyzed according to the groups, the analysis of the optical retardation of the collagen fibers, as well as photomicrographs representing each group.
The optical retardation of collagen fibers was greater in SG (24.24±6.82), followed by LG (30.30±6.82) and CG (42.42±10.60) (p=0.000). There was a significant difference between CG and LG (p=0.032), as well as between CG and SG (p=0.001).
LG and SG also differed significantly (p=0.004).
discussion
Our results indicate that on the 14 th day the laser group already presented a mild inflammatory response, as well as the 1% silver sulfadiazine group (p=0.450), while the control group showed an intense inflammatory process, with statistical significance between LG and CG (p=0.002), but not between SG and CG (p=0.059). While LG and SG no longer presented granulation tissue on the 14 th day, CG was still characterized by the presence of such. The presence of hair follicles did not differ significantly between the groups, although CG did not present follicles and the other groups had 67% of samples with hair follicles. In addition, significant differences were not detected in relation to the absence of ulcers between the groups.
The optical retardation of collagen fibers was greater in SG, followed by LG and CG (p=0.000).
As for systemic effect, this could only be identified by analyzing the presence or absence of granulation tissue, as the control burn of each animal in LG and SG pre- sented no granulation tissue, while the burns in animals from the full CG still showed the stated tissue (p=0.009).
In the present study, the 14 th day post-burn was chosen for analysis due to the occurrence of collagen deposition, given that after a third-degree burn collagen deposition is expected to be more evident on this day. 8 In this healing period, ulcers and granulation tissue are ideally absent (they should only be present on the first days of repair) and hair follicles begin to be perceived, with the inflammatory process already concluded or presented in a subtle manner. 15 Considering these facts, treatment with 1% silver sulfadiazine and photobiomodulation were shown to be efficient, especially for the laser group, which was the only to present mild inflammation on the day analyzed.
The correlation between optical retardation and collagen arrangement has been explored since the 1960s, 16, 17 and, to this day, polarizing microscopy is an efficient method for quantifying the change in the birefringence of collagen due to the influence of different agents. 18 It is important to remember that better organization of collagen fibers implies a better appearance of the scar, as a consequence of a better cicatricial process. 8, 19 With respect to the systemic effect, there is no record of its occurrence in skin lesions using photobiomodulation. However, in this study, it could be observed in the group that was irradiated. A systemic effect of photobiomodulation has been observed when applied to bone tissue, according to the work of Coelho et al. 20 Another important point to be considered is the dosimetry delivered to the tissue, given that the irradiation parameters were taken from a study that used cold burn instead of scalding. 13 In burns caused by scalding there is dissipation of the thermal energy through the tissue and the amount of hyalinized collagen is higher in comparison to cold burns. Furthermore, there are important cellular and humoral mediators involved in the pathophysiology of cold burns, as reported in a recent literature review. 21 Therefore, this scenario is able to change the optical properties of the burned skin, as already verified in the literature. 22 Thus, the photons may have been so attenuated within the tissue that the radiant exposure of 1 J/cm 2 was not sufficient to accelerate the inflammatory stage of the repair process and, consequently, did not present collagen fibers as organized as the 1% silver sulfadiazine group. conclusion Morphologically, the treatments using laser or silver sulfadiazine were similar and both provided greater organization of the collagen fibers compared to the untreated group. However, under the parameters used in this study, SG modulated the deposition of collagen fibers more efficiently than the laser group. There was a systemic effect in the group that received photobiomodulation when the presence of granulation tissue was analyzed.
resuMo Queimadura experimental: comparativo entre sulfadiazina de prata e fotobiomodulação Objetivo: Analisar características morfológicas e organização das fibras colágenas de queimaduras de terceiro grau provocadas por escaldo em relação à terapia com laser e àquela considerada padrão-ouro, a sulfadiazina de prata. Método: Foram selecionados 12 animais (Rattus norvegicus), divididos igualmente em três grupos (grupo controle [GC] -queimaduras não tratadas; grupo sulfadiazina [GS] -queimaduras tratadas com sulfadiazina de prata 1%; grupo laser [GL] -queimaduras tratadas com fotobiomodulação). As queimaduras foram realizadas por escaldo com a utilização de molde de PVC, e o material coletado no 14º dia pós-queimadura foi preparado para análise morfoló-gica e de retardo óptico, para avaliação do infiltrado inflamatório e da organização do colágeno, respectivamente. Resultados: No 14º dia, os grupos laser e sulfadiazina apresentaram resposta inflamatória leve, enquanto o grupo controle apresentou processo inflamatório intenso, havendo significância estatística entre os grupos laser e controle, mas não entre os grupos sulfadiazina e controle. Enquanto os grupos laser e sulfadiazina não apresentavam mais tecido de granulação, o grupo controle ainda apresentava. A presença de folículo piloso e de úl-cera não diferiu significantemente entre os grupos. O retardo óptico das fibras colágenas foi maior no grupo sulfadiazina, seguido dos grupos laser e controle. Apenas a análise da presença ou ausência de tecido de granulação permitiu identificar o efeito sistêmico. Conclusão: Morfologicamente, os tratamentos com laser ou sulfadiazina de prata foram similares e ambos proporcionaram maior organização das fibras colágenas em relação ao grupo não tratado. Entretanto, o grupo sulfadiazina modulou a deposição das fibras colágenas mais eficientemente que o grupo laser.
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